Controlled overexpression of BCKD kinase expression: metabolic engineering applied to BCAA metabolism in a mammalian system.
A common metabolic complication of human disease is uncontrolled muscle protein breakdown or cachexia, which occurs in patients with chronic diseases such as cancer, AIDS, renal failure, and diabetes. Increased branched-chain amino acid catabolism is implicated as causal and has stimulated the investigation of methods to regulate the metabolism of these amino acids. Here we demonstrate doxycycline-controlled overexpression of a branched-chain alpha-ketoacid dehydrogenase (BCKD) kinase transgene in mammalian cell culture. This kinase functions to inactivate the BCKD complex by phosphorylation, thus preventing the catabolism of these essential, regulatory metabolites. In this study, doxycycline treatment leads to a 10-fold increase in BCKD kinase protein. The transgene-generated kinase is rapidly incorporated within mitochondria and functions correctly to inactivate the BCKD complex. The maximum reduction in basal BCKD activity achieved was 94%. Unexpectedly, total BCKD activity was also decreased by kinase overexpression despite no observable change in expression of the BCKD catalytic proteins. These results demonstrate that artificial regulation of branched-chain amino acid metabolism is possible through the controlled overexpression of a single endogenous enzyme and suggest the feasibility of clinical applications.